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1 .  INTRODUCTION 

Coal i s  the United S ta tes  most abundant source of f o s s i l  fuel  energy however 
i t s  u t i l i z a t i o n  poses several problems f o r  s o c i e t y ,  among which a r e  those associ- 
a ted with the formation of atmospheric po l lu tan ts  during i t s  combustion. 
not  a pure hydrocarbon f u e l ,  i t  conta ins  inorganic mat ter  ( a s h ) ,  nitrogen and 
s u l f u r  which, in tu rn ,  form p a r t i c u l a t e s  ( f l y  a s h ) ,  ni t rogen oxides a n d  su l fur  oxides. 
The emission of such pol lu tan ts  t o  the atmosphere i s  undesirable  and can be avoided 
by removing the p o l l u t a n t s  from the combustion products, preventing t h e i r  formation, 
o r  removing the cons t i tuents  which form pol lu tan ts  from the coa l .  
descr ibes  bench s c a l e  experiments which will e s t a b l i s h  whether and under which con- 
d i t i o n s  calcium containing sorbents  can be used t o  capture  s u l f u r  during pulverized 
coal combustion. 
wi l l  then concentrate  upon whether i t  i s  p rac t ica l  s ince  sorbent  i n j e c t i o n  into 
boi le rs  could have a ser ious  impact upon b o i l e r  operat ion.  Sorbent in jec t ion  will 
increase p a r t i c u l a t e  mass loading, change slagging and foul ing c h a r a c t e r i s t i c s  a n d  
wi l l  change f l y  ash proper t ies .  

p lan ts  i s  a conceptually simple process .  A pulver ized,  calcium containing sorbent 
i s  injected in to  the  combustion chamber of a b o i l e r  where i t  f lash-ca lc ines  t o  lime 
(CaO) and, a t  the same t ime,  r e a c t s  with s u l f u r  dioxide a n d  oxygen t o  form calcium 
s u l f i t e  and/or calcium s u l f a t e .  
and  ear ly  1970's on development and demonstration pro jec ts  ( l ) ,  and although p i l o t  
p lan t  s tud ies  showed promise, the  r e s u l t s  could n o t  be dupl icated in f u l l  s c a l e  
systems. The lack of success was a t t r i b u t e d  t o  a combination of loss  of r e a c t i v i t y  
of the  lime due to deadburning and mald is t r ibu t ion  of the sorbent .  
s c a l e  s tud ies  ( 2 ,  3 )  with low NOx coal burners suggest t h a t  sorbent  i n j e c t i o n  could 
be more e f f e c t i v e  under condi t ions which minimize NOx formation in pulverized coal 
f l  ames . 

Coal i s  

This paper 

Having es tab l i shed  t h a t  s u l f u r  capture  i s  poss ib le ,  the s tudies  

The use of sorbents  t o  control  emissions of s u l f u r  oxides from coal f i r e d  power 

Considerable e f f o r t  was expended in the l a t e  1960's 

Recent p i l o t  

Nitrogen oxides a r e  formed from two sources during pulverized coal combustion; 
molecular nitrogen which i s  par t  of the  combustion a i r  and nitrogen which i s  chemi- 
c a l l y  bound in the organic coal matr ix .  Low NOx pulverized coal burners a re  e f fec t ive  
because they produce a fue l  r ich  zone which minimizes fuel  NO formation and  lowers 
peak flame temperatures, which, i n  turn, reduces the r a t e  of thermal NO production. 
I f  a sorbent i s  in jec ted  i n t o  a combustor f i r e d  with low NOx burners i t  will 
experience lower peak temperatures and more reducing condi t ions t h a n  i f  the combustor 
was f i r e d  with "normal" burners. The opportuni ty  to  control  both nitrogen and su l fur  
oxide 
i n j e c t i o n  in to  low NOx burners. 

emissions by preventing t h e i r  formation may be given by the  use of sorbent 

S u l f u r  capture by sorbent  i n j e c t i o n  involves three processes ,  namely: 

0 Sorbent a c t i v a t i o n  - the  sorbent  p a r t i c l e s  a r e  heated and ca lc ined .  
p a r t i c l e  r e a c t i v i t y  wil l  depend mainly upon i n i t i a l  p roper t ies  and  peak par t i -  
c l e  temperature. I f  the p a r t i c l e  temperatures a r e  t o o  high, the  sorbent loses 
i t s  r e a c t i v i t y  (deadburns). 

Capture - s u l f u r  species  (HZS, COS or S02) r e a c t  with t h e  sorbent producing 
e i t h e r  s u l f a t e  or s u l f i d e .  

Ultimate 

0 
The r a t e  of absorpt ion wil l  depend upon 
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temperature,  s u l f u r  spec ies  c o n c e n t r a t i o n  and s o r b e n t  c h a r a c t e r i s t i c s .  

Regenerat ion - under  c e r t a i n  c o n d i t i o n s ,  t h e  spen t  s o r b e n t  may decompose 
r e g e n e r a t i n g  gas phase s u l f u r  spec ies .  

The genera l  r e a c t i o n  d e s c r i b i n g  s u l f u r  c a p t u r e  under  o x i d i z i n g  c o n d i t i o n s  i s :  

CaO + SO2 + 1/2 O2 + CaSo4 1 )  

The r a t e  o f  t h i s  r e a c t i o n ,  t h e  r a t e  o f  c a l c i n a t i o n ,  and t h e  maximum c a l c i u m  u t i l i z a -  
t i o n  imposed by po re  b lockage  has been s t u d i e d  e x t e n s i v e l y  i n  t h i n  bed and d i s p e r s e d  
f l o w  r e a c t o r s  b y  seve ra l  worke rs  (4 ,  5 ) .  None o f  t h e s e  s t u d i e s  d u p l i c a t e d  t h e  t i m e  
tempera tu re  c o n d i t i o n s  t h a t  p r e v a i l  i n  p u l v e r i z e d  c o a l  f l ames .  

Borgwardt  ( 6 )  has suggested t h a t  r e a c t i o n s  such a s :  

CaC03 + H2S + Cas + H20 + COP 

CaO f H2S + CaS + H20, 

2 )  

3 )  

i n v o l v i n g  reduced s u l f u r  s p e c i e s  c o u l d  become s i g n i f i c a n t  under  f u e l  r i c h  c o n d i t i o n s .  
E x t r a p o l a t i o n  o f  r a t e  d a t a  f o r  such r e a c t i o n s  ( o b t a i n e d  b y  Ruth and S q u i r e s  ( 7 ) )  
t o  p u l v e r i z e d  c o a l  f l a m e  c o n d i t i o n s  i n d i c a t e s  t h a t  t h e  r e a c t i o n  o f  H2S w i t h  CaC03 
i s  s u f f i c i e n t l y  f a s t  t o  a l l o w  s i g n i f i c a n t  s u l f u r  c a p t u r e .  

Consequent ly ,  i t  appears t h a t  t h e r e  a r e  two p o s s i b l e  modes o f  s u l f u r  c a p t u r e  
by c a l c i u m  based s o r b e n t s  i n  a p u l v e r i z e d  c o a l  f i r e d  combustor o p e r a t i n g  under  l o w  
NOx c o n d i t i o n s .  Under o x i d i z i n g  c o n d i t i o n s ,  reduced peak tempera tu res  w i l l  r educe  
deadburn ing and a l l o w  r e a c t i o n  1 t o  proceed.  I f  t h e  s o r b e n t  i s  i n j e c t e d  i n t o  t h e  
f u e l  r i c h  r e g i o n ,  r e a c t i o n  2 may become s i g n i f i c a n t ,  b u t  c a l c i u m  s u l f i d e  c o u l d  be 
l o s t  when t h e  p a r t i a l l y  o x i d i z e d  f u e l  i s  burned o u t .  
becomes an i m p o r t a n t  f a c t o r  i n  t h e  o v e r a l l  process.  F i g u r e  1 shows t h e  e f f e c t  o f  
t empera tu re  and s t o i c h i o m e t r i c  r a t i o  on e q u i l i b r i u m  c a l c i u m  d i s t r i b u t i o n .  
i n d i c a t e s  t h a t  under  r i c h  c o n d i t i o n s  (50% t h e o r e t i c a l  a i r )  c a l c i u m  s u l f i d e  i s  v e r y  
s t a b l e  compared t o  c a l c i u m  s u l f a t e  under  l e a n  c o n d i t i o n s  (100% t h e o r e t i c a l  a i r  o r  
SR = 1 . 0 ) .  These c a l c u l a t i o n s  i m p l y  t h a t  i f  t h e  s u l f i d e  i s  formed i n  t h e  r i c h  zone, 
then  t h e  t r a n s i t i o n  t o  o x i d i z i n g  c o n d i t i o n s  s h o u l d  be c a r r i e d  o u t  q u i c k l y  t o  p r e -  
v e n t  p ro longed  t imes  under  new s t o i c h i o m e t r i c  c o n d i t i o n s ,  and t h a t  t h e  tempera tu re  
d u r i n g  t h i s  t r a n s i t o n  shou ld  be reduced.  An e x p e r i m e n t a l  s t u d y  has been c a r r i e d  
o u t  t o  determine whether  e i t h e r  o f  t h e  two r o u t e s  r e f e r r e d  t o  above a r e  l i k e l y  t o  
a l l o w  s imulataneous c o n t r o l  o f  s u l f u r  and n i t r o g e n  o x i d e  emiss ions  f r o m  p u l v e r i z e d  
c o a l  f i r e d  b o i l e r s .  

2. EXPERIMENTAL 

Thus r e t e n t i o n  o f  t h e  s u l f u r  

I t  

A bench s c a l e  f a c i l i t y  has been c o n s t r u c t e d  wh ich  i s  capab le  o f  d u p l i c a t i n g  
t h e  h i s t o r y  o f  t h e  s o l i d  p a r t i c l e s  ( c o a l  and s o r b e n t )  and t h e  p r o d u c t s  o f  combust ion 
i n  a p u l v e r i z e d  c o a l  f i r e d  power p l a n t .  As shown i n  F i g u r e  2, t h e  system c o n s i s t s  
o f  t h r e e  m a j o r  components: 

0 The r a d i a n t  f u r n a c e ,  a h o r i z o n t a l  r e f r a c t o r y  l i n e d  c y c l i n d e r ,  which s imu la tes  
t h e  r e g i o n  c l o s e  t o  t h e  bu rne rs .  Heat  e x t r a c t i o n  i s  v a r i e d  b y  add ing  o r  
removing c o o l i n g  tubes .  

0 The p o s t  flame c a v i t y  wh ich  s i m u l a t e s  t h e  volume above t h e  b u r n e r  zone o f  a 
b o i l e r  b e f o r e  t h e  superhea te r .  

wh ich  s i m u l a t e s  t h e  superhea te r ,  r e h e a t e r  and a i r  h e a t e r  s e c t i o n s  o f  t he  
b o i  1 e r  . 

0 The c o n v e c t i v e  s e c t i o n ,  c o o l e d  by banks of  a i r  c o o l e d  s t a i n l e s s  s t e e l  tubes,  
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Figure 1 .  Ef fec t  of Temperature and Stoichiometr ic  P,atio on Equilibrium 
Calcium Dis t r ibu t ion  - % Ca a s  CaS04 o r  CaS (Ca/S = 1 )  
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Figure 2 .  Schematic of Test  Furnace Showing Location of Sample Ports ,  
Staged Air Addition and Sorbent In jec t ion .  
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The f a c i l i t y  i s  f i r e d  with coal using a small s c a l e  low NOx burner which could 
be operated i n  two modes - i n t e r n a l l y  and e x t e r n a l l y  s taged .  When the  burner was 
operated with the second s tage  a i r  supplied a t  the  f i r i n g  face  through the  staged 
a i r  i n j e c t o r s ,  only the burner zone was fuel  r i c h .  This i s  r e f e r r e d  t o  a s  i n t e r n a l l y  
s taged.  Al te rna t ive ly ,  when the s taging a i r  was added downstream i n  the  post flame 
cavi ty ,  t h e  whole of the  rad ian t  furnace operated fuel  r i c h .  This i s  re fer red  t o  
in t h e  t e x t  as external  s tag ing .  The sorbent  was added in  any of four  loca t ions :  
1 )  with the coal ,  2 )  with t h e  staged a i r  a t  t h e  burner face ,  3 )  a t  the  en t ry  of t h e  
post flame cavi ty ,  and 4)  w i t h  the  dowixtream staged a i r  when operat ing i n  t h e  
ex terna l ly  staged mode. 

sorbents  introduces several  problems re la ted  t o  sample a c q u i s i t i o n .  
cr iminat ion" probe has been designed, constructed and tes ted  which minimizes gas- 
s o l i d  contact ing a f t e r  sample ex t rac t ion .  SO2 was measured with a non-dispersive 
ul t r a - v i o l e t  absorption instrument. H2S and COS were measured by gas chromatography 
using a flame photometric d e t e c t o r .  Sul fur  capture  was based on SO2 measurements 
w i t h  and without sorbent  i n  every tes t  case.  

3 .  RESULTS 

T h e  measurement of s u l f u r  species  in combustion products containing a c t i v e  
A "phase d i s -  

A s e r i e s  of experiments has been c a r r i e d  out  with the coal and sorbent  l i s t e d  
in Tables 1 and 2 in  both the external  and i n t e r n a l  s tag ing  modes. 

Indiana Coal 

Ultimate Analysis, % Dry Basis 

C 69.91 
N 5.13 
H 1.54 
S 2.53 
0 11 .OD 

Ash 9.84 

C s l o r i f i c  Value 
(dry ba is )  12,515 Btu/lb 

a s  burned 7.0% 
Moisture, average, 

Vicron 45-3, P f i z e r  

Composition, t y p i c a l ,  % 

CaC03 97.0 
MgC03 1 . 6  

2'3 0.5 

Fe203 
Moisture 0.2 

sio2 1 .o 

0.05 

Spec i f ic  Gravity 
P a r t i c l e  Shape 
Oil absorpt ion 
Surface a rea  (m2/gm) 

2.71 
rhombic 
4 
1 .4  

Table 1 .  Coal Proper t ies  
~~ 

Table 2. Sorbent Proper t ies  

Internal  Staging 

Figure 3 shows t h e  Percentage capture  a s  a funct ion of t h e  calcium t o  s u l f u r  
molar r a t i o  when the  sorbent  was added w i t h  the  s taged a i r  ( loca t ion  2 ) ,  and an 
addi t ional  15% (over  the  normal heat l o s s )  of the  input  heat  was ex t rac ted  from the 
rad ian t  zone. 
(sample port  11, the post  flame sec t ion  ?between 1 and 2 )  and the overal l  capture  
(sample port  3 ) .  The capture  i n  the  post  flame sec t ion  i s  based upon the gas phase 
s u l f u r  dioxide concentrat ion en ter ing  the  sec t ion  and f r e e  calcium oxide ( t h a t  which 
was not used in the rad ian t  s e c t i o n ) .  The data  presented in Figure 3 ind ica te  t h a t  
when heat i s  extracted from t h e  rad ian t  zone capture  occurs  i n  both the  rad ian t  
zone and the post flame sec t ion .  These data  were obtained with t h e  burner zone 
operat ing a t  a s toichiometr ic  r a t i o  of  0 .6  and a t o t a l  a i r  i n p u t  equal t o  120% 
of s toichiometr ic  . 

Data a r e  presented showin the  r e l a t i v e  capture  i n  the r a d i a n t  zone 
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Figure 3. Rela t ive  SO Capture ,  Sorbent In j ec t ed  W i t h  the Staged Air 
In t e rna l  Mo$e With Heat Extract ion i n  the Radiant Zone. 

60 

50 

.z 40 

2 30 

aJ > 

rn - 
aJ 
L 
3 g 20 
R3 0 

M 10 

Figure 4 .  The Impact of Load and Rad 

162 

,,/so2 ( ca / s )  

ant Zone Cooling on Sul fu r  Capture 



Tests  have been c a r r i e d  o u t  t o  determine the  inf luence  of burner zone s to ich io-  
metry o n  su l fur  capture  i n  t h e  i n t e r n a l l y  staged mode. Provided t h e  burner zone 
Stoichiometry does not r i s e  above 80% the s u l f u r  capture  appears almost t o  be 
independent of burner zone s toichiometry,  However a s  t h e  s t a g i n g  a i r  i s  reduced t o  
a minimum and the burner zone becomes fuel  lean the s u l f u r  capture  i s  reduced. 
these experiments t h i s  reduction i s  probably caused by a reduct ion in  sorbent  velo- 
c i t y  and because of the  increase  in peak flame temperatures a s  the burner zone 
stoichiometry increases .  

I n  the in te rna l  s tag ing  mode thermal environment has a very s i g n i f i c a n t  impact 
upon sulfur capture. This i s  i l l u s t r a t e d  by the  data  presented i n  Figure 4 which 
shows t h e  s u l f u r  capture  i n  both the f i r s t  two zones as a funct ion of t h e  product 
of the calcium t o  s u l f u r  r a t i o  and the square root  of t h e  s u l f u r  dioxide concentra- 
t i o n  in t h a t  zone. Three condi t ions a r e  shown: h i g h  load with and without radiant  
zone cooling and low load without cool ing.  Reducing the  load wil l  lower temperatures 
and increase residence times. 
increases  the  sorbent r e a c t i v i t y .  
l e s s  than t h a t  w i t h  cooling a t  high load but the  r e a c t i v i t y  in  the  post  flame sect ion 
i s  s imi la r  t o  the high load, cooled case.  

I n  

A t  high load cooling the r a d i a n t  zone dramatical ly  
A t  low load r e a c t i v i t y  in t h e  rad ian t  zone i s  

External Staging 

The purpose of the external  s taging t e s t s  was t o  determine whether s u l f u r  
dioxide emissions could be reduced by adding limestone under reducing condi t ions 
and then burning the fuel  completely by the  addi t ion  of second s tage  a i r  downstream. 
This requires  t h a t  the  majori ty  of the  s u l f u r  captured under reducing condi t ions be 
retained by the sorbent  as  the  fuel  burns o u t .  Equilibrium ca lcu la t ions  ind ica te  
t h a t  under fuel r i c h  condi t ions hydrogen s u l f i d e  i s  the  dominant s u l f u r  species  while 
measurements in the  fuel  r i c h  region ind ica te  t h a t  s u l f u r  dioxide,  hydrogen su l f ide  
and carbonyl s u l f i d e  a l l  a r e  present .  Sul fur  dioxide concentrat ions decrease and 
hydrogen su l f ide  concentrat ions increase a s  the  primary zone s toichiometry decreases. 
T h u s ,  t h e  sorbent may r e a c t  with any of t h r e e  s u l f u r  spec ies .  
r a t e s  f o r  the reac t ion  of H2S and COS with CaO have been measured ( 7 ,  8 )  and a r e  
s i m i l a r .  

I n i t i a l  react ion 

The data  from two d i f f e r e n t  external  s taging experiments a r e  shown in  Figures 
5 and6.  I n  one experiment sorbent was added with the  coal ( l o c a t i o n  1 )  and measure- 
ments of  su l fur  spec ies  a t  t h e  e x i t  of t h e  r i c h  zone ( p o r t  2 )  were made with and 
without sorbent .  
of f i r s t  s tage  s to ich iometr ic  r a t i o .  
captured. 
f i r i n g  with two f u e l s ,  coal and propane doped w i t h  H2S t o  give the  same s u l f u r  con- 
t e n t  a s  the  coa l .  
( loca t ion  2 )  and t h e  s taging a i r  was added i n  the  post flame cavi ty  ( loca t ion  b ) .  
SO2 was measured with and without sorbent f o r  both f u e l s  a t  sample port  3 ( e x i t  of 
furnace) .  Total calcium u t i l i z a t i o n  a s  a funct ion of f i r s t  s tage  s toichiometry 
i s  shown in  Figure 6. Measurements i n d i c a t e  t h a t  as  much a s  50 percent of the 
i n p u t  coal remains a s  s o l i d  a t  the  lower f i r s t  zone s toichiometr ies .  
f o r  coal presented in  Figure 6 has been p lo t ted  a s  a funct ion of t h e  actual  gas 
phase s toichiometry.  
decreasing gas phase s toichiometr ic  r a t i o  f o r  coal b u t  increased f o r  propane doped 
with H2S. I t  should be noted t h a t  the  data  shown in  Figure 6 represent  the sum o f  
su l fur  species  capture  under reducing condi t ions i n  the  f i r s t  zone, re ten t ion  of 
s u l f u r  during burnout and the su l fur  capture  under oxidizing condi t ions i n  the  
second s tage.  

4 .  CONCLUSIONS 

Figure 5 shows the percent capture  of S O 2 ,  COS and H2S a s  a function 
I t  can be seen t h a t  a l l  th ree  species  were 

The data  in  Figure 6 a r e  from an experiment comparing calcium u t i l i z a t i o n  

The sorbent  was added a t  the base of  t h e  post  flame sec t ion  

The data  

I t  can be seen t h a t  the  u l t imate  s u l f u r  capture  decreased with 

An inves t iga t ion  has been car r ied  out  i n  a bench s c a l e  f a c i l i t y  t o  determine 
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F igu re  6.  Capture and R e t e n t i o n  o f  S u l f u r  Under E x t e r n a l  Staged 
C o n d i t i o n s  f o r  Coai and Propane Doped w i t h  H2S. 
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under  wh ich  c o n d i t i o n s  s u l f u r  s p e c i e s  genera ted  d u r i n g  t h e  combust ion o f  p u l v e r i z e d  
coa l  can be c a p t u r e d  and r e t a i n e d  by c a l c i u m  c o n t a i n i n g  s o r b e n t s .  Two s e r i e s  o f  
exper iments were c a r r i e d  o u t :  
under  o x i d i z i n g  c o n d i t i o n s  and t h e  o t h e r  i n  wh ich  s i g n i f i c a n t  r e s i d e n c e  t i m e s  i n  
t h e  r i c h  zone would a l l o w  c a p t u r e  under  r e d u c i n g  c o n d i t i o n s .  
t i o n s  t h e  the rma l  env i ronment  exper ienced  by t h e  s o r b e n t  p a r t i c l e  appears t o  be t h e  
dominant  parameter  c o n t r o l l i n g  s u l f u r  c a p t u r e .  
b u r n i n g .  
on t h e  p a r t i c u l a r  s o r b e n t )  t h e  s o r b e n t  deadburns and l o s e s  i t s  r e a c t i v i t y  ( 4 ) .  

The processes c o n t r o l l i n g  c a p t u r e  and r e t e n t i o n  when t h e  s o r b e n t  is m a i n t a i n e d  
under  r e d u c i n g  c o n d i t i o n s  f o r  a p r o l o n g e d  t i m e  a r e  more complex. The p r i n c i p l e  
gas phase s u l f u r  s p e c i e  a r e  HzS,  SO2 and COS and, even though t h e  s u l f u r  s p e c i e s  a r e  
absorbed t h e  p o s s i b i l i t y  t h a t  t h e  s u l f i d e  w i l l  decompose d u r i n g  b u r n o u t  e x i s t s .  
The d a t a  p resen ted  i n  F i g u r e  6 shows a s i g n i f i c a n t  d i f f e r e n c e  between t h e  b e h a v i o r  
o f  c o a l  and propane doped w i t h  H2S. 

- W i t h  c o a l  p a r t  o f  t h e  f u e l  remains i n  t h e  s o l i d  phase and f o r  a g i v e n  
i n p u t  s t o i c h i o m e t r y  t h e  gas phase s t o i c h i o m e t r y  i n  t h e  r e d u c i n g  zone i s  
h i g h e r  than  w i t h  gas. Reference t o  F i g u r e  1 i n d i c a t e s  t h a t  t h e  s t a b i l i t y  
o f  c a l c i u m  s u l f i d e  i s  s t r o n g l y  dependent upon s t o i c h i o m e t r y  r a t i o ;  

W i t h  coa l  up  t o  50 p e r c e n t  o f  t h e  s u l f u r  remains i n  t h e  s o l i d  phase under  
r i c h  c o n d i t i o n s  t h u s  t h e  gas phase c o n c e n t r a t i o n  i s  l o w e r  t h a n  t h e  c o r r e s -  
ponding c o n c e n t r a t i o n  w i t h  propane as t h e  f u e l ;  

s o l i d  and gaseous f u e l s  and t h i s  c o u l d  a f f e c t  r e t e n t i o n  o f  t h e  s u l f u r  
d u r i n g  bu rnou t .  

These t e s t s  i n d i c a t e  t h a t  t h e r e  i s  t h e  p o t e n t i a l  t o  remove g r e a t e r  t h a n  50 

one i n  wh ich  any c a p t u r e  would t a k e  p l a c e  p r i m a r i l y  

Under o x i d i z i n g  cond i -  

If a s o r b e n t  p a r t i c l e ' s  t empera tu re  exceeds a c e r t a i n  l i m i t  ( w h i c h  depends 
T h i s  i s  p r o b a b l y  because of dead- 

T h i s  d i f f e r e n c e  can  be a t t r i b u t e d  t o :  

- 

- The c o n d i t i o n s  d u r i n g  b u r n o u t  i n  t h e  second s t a g e  w i l l  be d i f f e r e n t  f o r  t h e  

p e r c e n t  o f  t h e  i n p u t  s u l f u r  w i t h  Ca/S m o l a r  r a t i o s  o f  two when c o a l  is burned 
under  l ow  NOx c o n d i t i o n s .  
c o n d i t i o n s  can be ach ieved  i n  p r a c t i c a l  combustors  and t h a t  t h e  s o r b e n t  i n j e c t i o n  
does n o t  a d v e r s e l y  impac t  combustor per formance.  
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